Streptococcus mutans serotype f polysaccharide (poly f) was prepared from S. mutans whole cells by autoclaving. The poly f was purified by chromatography on DEAE Trisacryl M and Bio-Gel P100, treated with insoluble pronase, and resubjected to chromatography on DEAE Trisacryl M. Normal human blood monocytes, stimulated in vitro with purified poly f, produced extracellular tumor necrosis factor alpha (TNF-a) and interleukin-l1 (IL-1I) in a dose-dependent fashion as determined by a heterologous two-site sandwich enzyme-linked immunosorbent assay. Poly f also increased the expression of monocyte cell surface receptors for the Fc part of human immunoglobulin G, activity which is correlated with an increase of the phagocytic activity of the stimulated monocytes. Polymyxin B had no effect on TNF-a and IL-1,8 release. Neutralization assays with anti-recombinant human TNF-a and anti-recombinant human IL-1" immunoglobulin G confirmed the fact that the cytotoxic and mitogenic mediators released by the poly f-stimulated monocytes were mainly TNF-aL and IL-1".
Streptococcus mutans, the principal etiological agent of dental caries, is a commensal bacterium of the oral cavity which selectively adheres to saliva-coated tooth surfaces through specific and nonspecific interactions between bacterial adhesins and salivary glycoproteins (15) . Furthermore, when S. mutans gains entrance to sites that are usually sterile, it is capable of adhering to heart, muscle, and kidney tissues, causing endocarditis and participating in the pathogenesis of poststreptococcal sequelae such as glomerulonephritis and rheumatic fever (21) . Although recent studies on the pathogenic properties of S. mutans indicate that immune mechanisms may be implicated in tissue injury, the procedure by which tissue damage occurs remains a mystery. Some of these studies suggest that tissue damage results from the deposition of streptococcal antigens or streptococcal antigen-antibody complexes within the tissues (23) , and others point out the existence of autoimmune mechanisms whereby S. mutans components elicit antibodies that crossreact with host tissues (10) .
Some of the S. mutans components that have been extensively studied in the last few years have been found to be potentially associated with endocarditis, glomerulonephritis, and rheumatic fever. Lipoteichoic acid, dextran, serotype polysaccharides, and cell surface proteins have been proposed as putative mediators for the adherence of S. mutans either to tooth surfaces (15) or to heart, kidney, and muscle tissues (22) . Antigen I/II-related antigens (10, 27) and cytoplasmic membrane proteins (1) have been associated with autoimmune mechanisms.
The current study was undertaken in an attempt to define further putative mechanisms which could occur in the course of tissue injury, and we were particularly interested in S. mutans cell surface components (adhesins) which are able to * Corresponding author. induce a protective immunity against this organism. S. mutans serotype polysaccharide, which could act as such an adhesin (26) , was found to be mitogenic for murine splenocytes and to have multiple effects on murine B and T lymphocytes (25) .
The present study examined the biological effects of S. mutans OMZ 175 (serotype f) serotype polysaccharide (poly f) on human monocytes. Results indicate that the purified polysaccharide (i) augments the expression of Fc receptors for immunoglobulin G (IgG) (RFc--y), an effect which could be correlated with the enhancement of phagocytosis, and (ii) induces the release of tumor necrosis factor alpha (TNF-a) and interleukin-l, (IL-1,) from stimulated monocytes. (4) .
MATERIALS AND METHODS

Reagents
Activation of monocytes. Human mononuclear cells (2 x 105 monocytes per well), cultured in RPMI 1640 medium without fetal calf serum and supplemented with 2 mM L-glutamine, penicillin (100 IU/ml), and streptomycin (100 ,ug/ml), were incubated for 0 to 24 h in the absence or presence of polysaccharide antigen.
Cell viability was assayed by dye uptake. Briefly, cells were washed with PBS and stained with 50 ,ul of crystal violet (0.2% in 2% methanol-H20) for 10 min (7). The plates were then washed with PBS. After lysis in 50 ,ul of 1% sodium dodecyl sulfate, the dye uptake was quantified by measuring the A570 in a Titertek Multiskan enzyme-linked immunosorbent assay (ELISA) reader (Flow, Puteaux, France). In some experiments, polymyxin B (5 ,ug/ml) was added to confirm that the observed effect was not due to a possible minimal LPS content. Cells incubated with a single concentration of LPS (1 ,ug/ml) were used as positive controls. After incubation, the culture supernatants were harvested, centrifuged (3,000 x g, 10 min), and used to estimate TNF-a and IL-1B activities. The release of TNF-oL and IL-lp was quantified by using a heterologous two-site sandwich ELISA. The adherent cells were desiccated, fixed with methanol, and assessed for membrane-bound RFc--y expression by using biotinylated IgG as previously described for RFc-cx detection (6) . Table 1 show that a threefold concentration of S. mutans poly f is less toxic for human monocytes than is E. coli LPS.
Production of TNF-a. The first experiments were designed to determine the ability of poly f to stimulate the production of TNF-a by human circulating monocytes by using a heterologous two-site sandwich ELISA. TNF-a was found in culture supernatants of monocytes stimulated with 50 pLg of poly f per ml. The release of TNF-a was time dependent, and the optimal secretion was obtained after 12 h (Fig. 1) . A 12-h incubation of human monocytes with increasing amounts of poly f, ranging from 10 to 75 ,ug/ml, resulted in a dose-dependent release of TNF-a, which was not affected by the addition of polymyxin B (5 ,ug/ml) (Fig. 2) . The optimal production of TNF-a was obtained at doses of 50 ,ug/ml, and the level of TNF-a was similar to that obtained with 1 pg of E. coli LPS per ml.
The TNF-a activity in supernatants of monocytes stimulated with poly f significantly reduced the viability of the L 929 murine fibroblast cells. Supernatant from monocytes stimulated with poly f (50 pug/ml) induced 85% cytotoxicity at a dilution of 1/8, which is comparable to the cytotoxicity observed with the supernatant of LPS-stimulated monocytes (Fig. 3) . The presence of TNF-ax in the culture supernatants from the poly f-stimulated monocytes was demonstrated by the ability of anti-TNF-a IgG to inhibit by 72% the cytotoxic IL-1f production. The IL-lp release in supernatants of human monocytes stimulated with increasing amounts of poly f ranging from 10 to 75 jig/ml was examined. Maximal release of IL-1lB was obtained after 24 h of stimulation with either poly f or LPS (data not shown). The results presented in Fig. 4 show that the poly f was able to induce the secretion of IL-1lB in a dose-dependent fashion. The IL-lp activity in the supernatants from monocytes stimulated with poly f (50 ,g/ml) was further confirmed by [3H]thymidine uptake (Fig.  5) . Furthermore, incubation of the cell supernatants with rabbit anti-IL- 1 IgG resulted in a significant decrease (62%) of the mitogenic effect on mouse thymocytes.
RFc--y expression. To examine whether poly f from S. mutans was able to stimulate the expression of RFc--y, human monocytes were cultured for 24 6 show that poly f was able to trigger the expression of RFc--y in a dose-dependent fashion. Furthermore, the increase of RFc--y expression by poly f-stimulated monocytes can be correlated to an enhancement of the phagocytic activity of the cells (data not shown).
DISCUSSION
Cytokines such as IL-13 and TNF-(x are products of activated monocyte-macrophage cells and are important mediators in infection, inflammation, and immunological challenge. Recent evidence suggests that these cytokines are important in controlling the inflammatory response to bacterial infections. Bacterial components such as LPS, peptidoglycan, and endotoxins have been shown to induce inflammation and to be the main physiological stimuli of the production of TNF-aL and IL-lp by monocytes.
In the present work, evidence that a cell wall serotype polysaccharide from S. mutans induces the secretion of IL-1, and TNF-a and enhances the expression of cell surface RFc-y by human monocytes is provided. Furthermore, preliminary results showed that stimulation of monocytes with chemically or enzymatically digested poly f resulted in a significant decrease of TNF-a release. The TNF-ot-and IL-1l-releasing activity of S. mutans serotype f polysaccharide could not be attributed to contamination with LPS, because cytokine release is not affected by polymyxin B. It has been shown that bacterial proteins (12) can stimulate monocytes to secrete various mediators. However, after 24 h of treatment of the bacterial extract with protease, proteins were undetectable in the poly f preparation, and, in this regard, the release of IL-13 and TNF-ax could not be due to proteinaceous material.
Recently, it was shown that OK-432, a penicillin-and heat-treated lyophilized powder from Streptococcus pyogenes Su, was able to induce or to enhance the production of IL-1lB and TNF-at by macrophages (11, 29) . In addition, Katsuta et al. (12) showed that cell extracts and cell walls were the strongest IL-l,-inducing fractions of OK-432 and that the polysaccharides were more effective than proteins in inducing IL-1B release by human monocytes. Our present studies confirm these results in several ways. First, this gram-positive polysaccharide appeared to possess biological properties similar to those associated with the LPS from S. mutans has been implicated in the initiation and development of chronic inflammatory reactions (21) . These effects may result from the humoral immune response directed against the streptococcal components. However, TNF-a and IL-1i also appear to be of great importance in chronic inflammatory diseases, and both cytokines are detectable in a variety of inflammatory exudates. The level of IL-1 in plasma and synovial fluids from patients suffering from rheumatic arthritis could be correlated with disease activity (5, 9) . Our findings suggest the hypothesis that the serotype polysaccharide from S. mutans could contribute to the initiation and development of immunopathological reactions to the local production and release of TNF-a and IL-1p.
These activities may be dependent upon the chemical structure of the poly f, which is a rhamnose-glucose polymer having a backbone of rhamnose and side chains composed of terminal alpha-linked glucose units (14, 19) . Furthermore, the cell walls of several streptococci including the S. mutans group contains rhamnose-glucose polymers that are crossreactive with poly f (20 Furthermore, this activity was higher for A. actinomycetemcomitans serotype b polysaccharide than for serotypes a and c, which do not contain rhamnose, confirming the potential role of rhamnose.
In conclusion, the current study demonstrates that S. mutans serotype f polysaccharide is capable of inducing inflammatory mediators such as IL-1lB and TNF-a and therefore may be a potent component in the pathogenesis of tissue injury when S. mutans whole cells or cell wall components gain entrance to host tissues. The mechanism by which poly f stimulates TNF-a and IL-lp production is as yet unknown. However, our preliminary experiments showed that fluorescent poly f bound specifically to monocytes, and we hypothesize that the poly f is able to stimulate the monocytes at the cell surface. Further experiments will be necessary to classify the role of this polysaccharide in monocyte activation.
